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PROCESS FOR ASSEMBLY OF METALLIC PARTS USING A 
METALLIC POWDER HEATED BY INDUCTION 

Field of the invention 

The invention is related to the assembly of 
metallic parts with filler metal and is somewhat 
similar to brazing. The induction heating process is 
used. 

5 

Prior art and problem solved 

For the assembly of two metallic parts made of the 
same material or a different material by means of a 
metallic powder placed between these two parts, the 

10 objective is to heat the said metallic powder in order 
to temporarily transform it into a molten material to 
become a rigid connecting element between the two parts 
when it has cooled. This is a means of brazing that 
consists of using a metallic powder in which the 

15 melting temperature is below the melting temperature of 
the two parts to be assembled. Furthermore, brazing 
processes are known that make use of induction heating 
using a filler metal in powder form. Many metals may 
be assembled in this manner, particularly copper or 

20 stainless steel, using appropriate filler materials. 
For copper, alloys with a high content of copper and 
silver, or zinc copper are usually used. The brazing 
temperature is of the order of 700 to 800°C. For 
stainless steel, filler alloys are based on silver, 

25 copper, nickel or gold. Brazing is done at between 700 
and 1100°C. The various filler materials in powder 
form are often mixed with a flux. In all these cases, 
the filler material in powder form is made of a 
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material different from the material from which the two 
parts to be assembled are made, and its melting 
temperature is below the melting temperature of these 
two parts. 

5 Furthermore, the use of powders of the same nature 

as the parts to be assembled is known for applications 
with a significant connecting thickness (of the order 
of several millimetres) . The base metal powder is 
always accompanied by a filler material for which the 

10 melting temperature is below the melting temperature of 
the base metal. Pressure is always applied during the 
brazing cycle in order to encourage elimination of 
pores at the connection (see US patent 5 812 925) . 

Furthermore, it is known that two parts of the 

15 same nature can be assembled together, for example two 
parts made of aluminium by using a powder made of a 
metallic constituent with a melting temperature that is 
higher than the melting temperature of the parts, for 
example in the case of an aluminium assembly, a mix of 

20 silicon and a potassium f luoroaluminate flux. In this 
case, the liquid phase is still achieved at a 
temperature lower than the melting temperature of the 
two parts, due to diffusion phenomena between the 
powder and the parts that cause formation of a phase at 

25 a melting temperature lower than the temperature of the 
parts . 

There is another assembly technique, namely 
diffusion welding. But in this process, the powder 
inserted between the two metallic surfaces does not 
30 change to the liquid state during assembly. It is a 
solid state welding process, in which a bond is formed 
by diffusion of a powder placed between metallic 
surfaces in contact by application of a pressure at 
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high temperature for a sufficiently long time without 
the addition of any chemical element. 

Summary of the invention 

The main purpose of the invention is a process for 
the assembly of two metallic parts by melting a filler 
material, characterized in that it consists of: 

- using induction heating, and 

- using a powder with a melting temperature higher 
than or equal to the melting temperature of the 
two parts to be assembled when they are of the 
same nature, or higher than or equal to the 
melting temperature of the part with the lowest 
melting temperature for parts with different 
natures, as a filler material, in order to make 
the assembly without a phase being formed at a 
melting temperature lower than the temperature 
of the two parts. In particular, the 
combination of these two means avoids the need 
to use a chemical filler element and there is no 
need to exert a pressure at high temperature to 
make the bond. 

In a preferred embodiment of the invention, the 
two parts are of the same nature and the powder is made 
of the same material as the material from which the 
parts are made, the melting temperature of the powder 
and the parts being the same. 

It is possible to compact the powder before it is 
inserted between the two parts. 
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Detailed description of an embodiment of the invention 

The invention is somewhat similar to induction 
brazing, but the following essential point makes it 
different . 

5 The filler material is a metallic powder, with a 

melting temperature higher than or equal to the melting 
temperature of the two parts to be assembled in the 
case of an assembly of parts of the same material, or 
higher than or equal to the melting temperature of the 

10 part with the lowest melting temperature for parts with 
different natures. 

The combined use of a metallic filler metal powder 
with induction heating introduces specific conditions 
during the temperature rise of this powder, such that 

15 the powder is melted but the parts are not melted. The 
principle of induction heating of homogeneous metallic 
parts is based on LENZ ' s law that states that any 
electrical conducting substance subjected to a variable 
magnetic field will be a source of induced currents. 

20 These currents dissipate heat due to the Joule effect, 
which causes an increase in the temperature of the 
material in which it is circulating. The penetration 
depth of the induced currents is variable depending on 
the frequency of the magnetic field, and on the 

25 physical properties of the parts, such as the magnetic 
permeability and the electrical resistivity. In the 
case of a metallic powder, induction heating of a 
metallic powder implies a much more complex 
distribution of induced currents than would occur in 

30 the same material in a dense part since the medium 
consisting of a metallic powder is not homogeneous. 
Furthermore, the presence and nature of oxide films at 
the surface of particles has an influence on 
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circulation of induced currents in the powder. 
Therefore, the increase in temperature due to the 
circulation of induced currents is very different in 
the powder and in the parts. 

The observed phenomenon is due to the fact that 
inductive coupling may be more efficient for powder 
than for metallic parts. Therefore, this results in a 
higher temperature increase in the powder than in the 
dense material. 

It is necessary to make a clear distinction 
between the powder in its initial state, which is not 
the source of induced currents, and the powder when 
metallic contacts between particles are set up and 
induced currents can circulate. In the initial state, 
in other words at ambient temperature, the coupling 
conditions are usually unfavourable for powder since 
the electrical resistivity of the powders used is very 
high, due to the presence of a surface layer of oxide 
on the particles. However during heating, the powder 
temperature increases due to heat transfers with the 
dense parts. In this case, the oxide surface layers 
that can exist on the surface of particles of the 
powder change nature or are eliminated. Furthermore, 
metallic contacts between the particles become 
increasingly numerous and their surface areas increase 
under the effect of temperature. Therefore, the manner 
in which induced currents circulate in the powder 
changes significantly during heating, which results in 
a large variation of the efficiency of heating. When 
these conditions are satisfied for the powder, its 
temperature may be higher than the temperature of the 
dense parts. Therefore, it is possible to melt the 
powder without melting the parts. 
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The efficiency of induction heating is different 
depending on whether the powder particles are in 
metallic contact or are electrically isolated from each 
other by oxide films. 
5 Thus, when contacts between particles are made 

before the heating cycle, using hot-formed powder 
preforms, the induced currents develop at the periphery 
of the granular medium and, for example, facilitate the 
assembly of tubular-shaped parts. 

10 The behaviour is very different in the case in 

which metallic contacts between filler metal particles 
are not created before the assembly. The formation of 
the first contacts and circulation of very intense 
induced currents cause very large voltage variations 

15 within the granular medium. Values of the "breakdown 
voltage" can be reached at contacts covered with 
insulating films. In this case, melting at these 
contacts takes place quickly and extends throughout the 
granular medium. 

20 The powder can also be compacted in advance, in 

order to facilitate its placement between the parts to 
be assembled. 

The assembly is obtained by using the normal 
wetting, capillarity phenomena in the same way as for 

25 brazing. 

The assembly quality depends on the materials, 
with different parameters used, the initial 
characteristics of the powder and the temperature 
cycle . 

30 The metallic parts and the powder can be composed 

of a pure metal or an alloy. 

The powder may be composed of a mix of particles 
of different metals. 
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The preferred application of this process applies 
to metallic parts and powder made of the same material. 

The induction heating must stop when all the 
powder has melted, so that the assembly can be made 
5 when all the powder is in the liquid state. 

The fundamental steps in the process are as 
follows . 

- Add a thin layer of metallic powder between two 
dense metallic parts to be assembled together. 

10 - Heat the powder and dense metallic parts over a 

limited area by induction heating, preferably close to 
q the joint to be made. Therefore, remember that the 

™ powder is initially heated due to the presence of dense 

£} metallic parts, these parts being the source of induced 

Si 15 currents which explain the reason for the increase in 

03 their temperature. Heat exchanges then take place 

between the parts and the powder. Increasingly 
W numerous metallic contacts are set up between the 

j=j particles under the effect of this heating. When they 

20 are sufficiently developed, induced currents can 
circulate between powder particles. Consequently, the 
presence of dense parts is fundamental to enable the 
creation of these contacts and induction heating of the 
powder . 

25 - Melting of the powder because inductive heating 

is more efficient than on dense metallic parts, 
therefore the temperature of the powder is higher than 
the temperature of the parts. 

- Stop induction heating to cool the assembly, and 
30 consequently to achieve solidification. 

One example consists of assembling copper pellets 
with copper powder. The two pellets are cylindrical 
with a diameter of 20 mm and a height of 5 mm. A few 
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grams of copper powder are sandwiched between the two 
copper pellets, to obtain a thin layer of copper a few 
micrometers thick distributed as uniformly as possible 
over the entire area of the pellets. The size of the 
particle is of the order of 40 micrometers. Induction 
heating is achieved using a high frequency generator 
with a power of 25 kW. The induction coil used is an 
induction coil with two turns, with a diameter of 56 mm 
and a height of 10 mm. The assembly is made under a 
secondary vacuum at a frequency of 155 kHz. 

In this case, the following detailed operations 
are performed. 

- Place the two copper pellets and powder assembly 
in the induction coil inside a vacuum chamber. 

- Close the vacuum chamber. 

- Create a primary vacuum. 

- Create a secondary vacuum. 

- Switch the field coil generator power on. 

- Adjust the power set values. 

- Switch the high voltage on. 

- Induction heating of the pellets and powder 
assembly . 

- Melt the powder. 

- Switch the high voltage off. 

- Cool under vacuum. 

- Open the vacuum chamber. 

- Take the assembled assembly out of the chamber. 
Another example consists of assembling Z2CN18-10 

stainless steel pellets, commonly called AiSi 304 
pellets, with Z12CN25-20 stainless steel powder, 
commonly called AiSi 310. The test results show that 
the mechanical strength of the assemblies is of the 
order of 70% of the ultimate strength of the reference 
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material and elongation at failure is 90% of the 
elongation at failure of the reference material. 

The process and operating method are the same as 
for copper. 

5 

Advantages of the invention 

This process can be applied to different metals 
and alloys. 

It has the same advantages as high temperature 
10 brazing since it: 

- avoids parts to be assembled changing to the 
liquid state. This can prevent some metallurgical 
problems such as the appearance of cracks; 

- enables use of the assembled assemblies at high 
15 temperature; 

Furthermore, the fact that parts are assembled 
using powder made of exactly the same material can 
limit impurities during assembly, which is very useful 
for parts used in a corrosive environment. 

20 Furthermore, there is no deterioration of electrical 
properties at the joint. Therefore, this process can 
advantageously be used for connections. 

Furthermore, the device preferably uses a high- 
frequency generator as an induction heating source. 

25 Consequently, this technique is very easy to implement 
and can be used directly to replace traditional 
induction brazing for improved performances. 
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CLAIMS 



1. Process for assembly of metallic parts by 
melting a filler material, characterized in that it 
consists of: 

- heating the assembly by induction heating; 

- using a powder as a filler material which has a 
melting temperature higher than or equal to the melting 
temperature of the material from which the parts to be 
assembled is made for parts with the same nature, and 
with a melting temperature higher than or equal to the 
melting temperature of the part with the lowest melting 
temperature, in order to make the assembly without a 
new phase being formed by diffusion with a melting 
temperature lower than the melting temperature of the 
parts . 

2. Assembly process according to claim 1, 
characterized in that the material from which the parts 
are made and the material from which the powder is made 
are the same. 

3. Assembly process according to claim 1, 
characterized in that the powder is compacted before it 
is inserted between the two metallic parts. 
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WE (I) the undersigned inventor(s), hereby declare(s) that : 

My residence, post office address and citizenship are as stated below next to my name, 

We (I) believe that we are (I am) the original, first, and joint (sole) inventor(s) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

PROCESS FOR ASSEMBLY OF METALLIC PARTS USING A METALLIC POWDER HEATED BY INDUCTION 

[□ the specification of which 

S O is attached hereto. 

'■O [J was filed on 





as Application Serial No. 




and amended on 


□ 


^ was filed as PCT international application 




Number PCTVFR00/O1585 




on June 08, 2000 




and was amended under PCT Article 19 



We (I) hereby state that we (I) have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment referred to above. 

We (I) acknowledge the duty to disclose information known to be material to the patentability of this application as defined 
in Section 1 .56 of Title 37 Code of Federal Regulations. 

We (I) hereby claim foreign priority benefits under 35 U.S.C. § 119 (a)-(d) or § 365 (b) of any foreign application(s) for 
patent or inventor's certificate, or § 365 (a) of any PCT International application which designated at least one country other 
than the United States, listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a filing date before that of the application on which priority is 
claimed. Prior Foreign Application (s) 

Priority 

Application No. Country Day/month/Year Claimed 

99 07339 FRANCE 10 June 1999 ^1 YES □ NO 

Dyes Dno 

Dyes Dno 

Dyes Dno 
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We (I) hereby claim the benefit under Title 35, United States Code, § 1 19 (e) of any United States provisional 
application(s) listed below. 



(Application Number) 



(Filing Date) 



(Application Number) 



(Filing Date) 



We (I) hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR § 1.56 which became available between the filing date of prior application and the national or PCT International filing 
date of this application. 



4 And we (I) hereby appoint : BLAIR Charles H., BRENNAN Michael P., BROCK Christopher M, BUDDE Anna M, 
3 BURRIS Kelly K., CANTOR Bernard J., CARLSON Richard L., DESCHERE Linda M., DONLEY Garrett C, ELCHUK 
y Mark D., ERJAVAC Stanley M. , EUSEBI Christopher A., FALCOFF Monte L., FOSS Stephen J., FRENTRUP Mark A., 
[] FULLER Roland A., GIBBS Barbara S., GAMBRELL Myriah M., HALLIN Thomas H., HARRIS Gordon H., JORDAN 
B. Delano, KELLER Paul A., KICZEK Casimir R., LAFATA Joseph L., LALONE Douglas P., MACINTYRE Timothy D., 
; MALINZAK Michael, MASSEY Ryan W., MCCLAUGHRY David A., MILLER H. Keith, MILLER John A., 
= MOUSTAKAS George D., NOLAN Robert S., O'DELL Elizabeth D„ OLSON Stephen T., PAPP Joseph R., RETTIG 
1 Phillip E., SCHIVLEY G. Gregory, SCHMIDT Michael J., SCHOOF George T, SIMINSKI Robert M, SMIRMAN 
% Preston H., SNYDER Jeffrey L., SOSENKO Eric J., SOTIRIOU Evan A., STEPHENSON James E., STEVENSON Joseph 
;if L., STOBBS Gregory A., TAYLOR W.R. Duke, TELSCHER Rudolph A., UTYKANSKI David P., WADE Bryant E., 
H WALKER Donald G., WALLACE Robert J., WALSH Joseph E., WANGEROW Ronald W., WARNER Richard W., 
WHEELOCK Bryan K., WIGGINS Michael D., ZALOBSKI Michael D., our (my) attorneys, with full powers of 
substitution and revocation, to prosecute this application and to transact all business in the Patent Office connected 
therewith; and we (I) hereby request that all correspondence regarding this application be sent to the firm of HARNESS, 
J DICKEY & P IERCE. P.L.C.. whose Address is . P.O. Box 828, Bloomfield Hills, Michigan 48303 . ~ — 



We (I) declare that all statements made herein of our (my) own knowledge are true and that all statements made on 
information and belief are believed to be true ; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such wilful false statements may jeopardise the validity of the application or any patent issuing 
thereon. 
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